INTRODUCTION
improvement in managemental practices (Van Knapen, Franchimont & Van der Lugt 1982; Dubey 1990; Edelhofer 1994; Van Knapen, Kremers, Franchimont & Narucka 1995; Davies, Morrow, Deen, Gamble & Patton 1998) but pockets of high seroprevalence are still found on some small farms (Dubey, Gamble, Hill, Romand & Thulliez 2002) . In sub-Saharan African countries, there are very few reports on the seroprevalence of T. gondii in domestic pigs (Dubey & Beattie 1988; Pandey & Van Knapen 1992; Hove & Dubey 1999; Arko-Mensah, Bosompem, Canacoo, Wastling & Akanmori 2000) . Most of the pigs in these countries are likely to be kept on small farms where managemental practices are not that stringent, thus increasing their chances of infection with Toxoplasma.
The objective of the present study was to determine the seroprevalence of anti-T. gondii specific IgG antibodies in domestic pigs from different managemental systems.
MATERIALS AND METHODS

Sampling sites
Samples were randomly collected from three abattoirs and selected villages. The sampling sites are shown in Fig. 1 .
Abattoirs I and II
A total of 238 serum samples were collected from randomly selected fattening pigs from Abattoirs I (138) and II (100) during 2000 and 2001. These two abattoirs are Grade A abattoirs that maintain very high hygienic standards and are designated for the slaughter of pigs destined for the European market. The animals they target originate from large and small commercial producers that keep pigs indoors and practice intensive husbandry. The inspection of carcasses is done by staff from the Department of Veterinary Services. Abattoir I is situated in the city of Bulawayo and slaughters pigs from the dry southern part of the country whilst Abattoir II is in Harare and its catchment areas are the farms in the wetter northern region of Zimbabwe. Fattening pigs are slaughtered between 3 and 6 months of age. Fifty five samples were also collected from culled, adult pigs between 4 and 5 years of age at Abattoir II during November and December 2002.
Abattoir III
One hundred and eleven samples were collected from Abattoir III in September 2002. Abattoir III is a Grade B abattoir located in Bulawayo in which a variety of livestock species are slaughtered, irrespective of their origin. Its catchment area is mainly the small producers who practise extensive husbandry at some point in the life cycle of the pig and are unable to meet inspection standards of the Grade A abattoirs. The breeds slaughtered range from the exotic to the indigenous. Records on the age and origin of animals are usually unavailable. Systematic meat inspections are rarely done.
Communal land farming areas
Seventy samples were collected during September 2002 to March 2000 from villages in the following communal land districts that keep a large number of backyard, scavenging pigs: Mbembesi and Ntabazinduna (south-west), and Mt. Darwin (north-east).
Blood collection and separation of sera
In the abattoirs, blood from each animal was collected into sterile universal bottles at the time of slaughter or on-farm from the jugular vein. The clotted blood samples were centrifuged in a bench centrifuge (MSE Centaur 2, MSE Scientific Instruments) at 2 500 rpm for 5 min and the sera collected and kept at -20°C until tested.
Immunoassays
Indirect enzyme-linked immunosorbent assay
The presence of specific IgG antibodies to T. gondii in fattening pigs was determined by the indirect enzyme-linked immunosorbent assay (indirect ELISA) (Lind, Haugegaard, Wingstrand & Henriksen 1997) . Ninety-six-well, polystyrene flat-bottomed microtitre plates (Nunc, Polysorp) were coated with T. gondii RH strain (Sabin 1941 ) tachyzoite lysate antigen (Tx-12) diluted at 1:2 000 and kept overnight at 4 °C. The next day, before use, excess antigen was washed off in three cycles with 0.01 M PBS (pH 7.4) containing 0.1 % Tween-20 (PBS-T). Test sera were diluted at 1:400 in PBS-T and added to the washed plates after which the plates were incubated at room temperature on a shaker for 1 h. After incubation, the plates were washed with PBS-T in three cycles. Horse radish peroxidase (HRP)-labeled goat anti-swine serum with 1 % of normal goat serum was added to the plates and incubated for another hour, after which the plates were washed as before. O-phenylenediamine (OPD)-substrate was added to each well followed by 10 min incubation in the dark at room temperature. The reaction was stopped by addition of an equal volume of 0.5 M H 2 SO 4 to each well.
Each serum sample was tested in duplicate. Plates were read by measuring optical density (OD) at 490 nm on a dual-beam Vmax® kinetic microplate spectrophotometer (Molecular Devices, Palo Alto, California), automatically subtracting the reference absorbance at 650 nm. The SOFTmax® PRO 4.0 microplate data acquisition and analysis software was used (Molecular Devices, Palo Alto, California). An OD of 0.36 was considered as the cut-off point.
Optical density values were corrected for plate-toplate variation by linear regression of the OD values of a series of standard positive and negative sera on each plate against the mean OD value of the standard sera of all the plates in the experiment.
Indirect fluorescent antibody test (IFAT)
Whole T. gondii parasites of the Danish reference strain SSI 119 (Work 1968; Pettersen 1977) grown in bovine turbinate cells were used as antigen (Jensen, Petersen, Henriksen, Dietz & Lind 1998). Eighteen-well glass microscope slides (Immuno-cell International) were coated with cell culture supernatants of T. gondii (concentration: 2 x 10 6 parasites/ml) to form a single layer of parasites. Dried slides were fixed in 5 % acetone, air dried and stored at -20°C until used. The slides were thawed at room temperature for 30 min before use.
Serum samples were diluted 1:100, 1:200 and 1:400 in 0.01 M PBS (pH 7.2) with 0.2 % bovine fraction Valbumin (Sigma Chemicals). Antigen slides were incubated with 20 µl of test serum for 45 min at room temperature in a moist chamber. After incubation, the slides were washed three times, each for 5 min, in 0.01 M PBS and air-dried. Each well was covered with 10 µl of fluorescein isothiocyanate (FITC)-conjugated with the rabbit anti-swine IgG (Sigma Chemicals), at a dilution of 1:40, incorporating 0.01 % Evans Blue dye. After incubation for another 45 min at room temperature, slides were washed three times, each for 10 min, in 0.01 M PBS and mounted in 10 % buffered glycerol. Positive and negative controls were included on each slide. Fluorescence at a serum dilution of > 1:100 was considered positive. Positive sera produced complete bright fluorescence around the periphery of the parasite. Polar staining of the parasite membrane and dull/weak staining were considered as negative.
Each sample was tested in duplicate. Optimum concentration of the secondary antibody and the serum cut-off titre were determined by back titration with known negative and positive sera. Mounted slides were examined under a fluorescent microscope (Leitz Laborlux). Antibody titres were expressed as a reciprocal of the serum dilution.
Statistical analysis
Seroprevalence rates for the different categories of pigs were compared using the chi-square test. A probability (P) value of < 0.05 was considered significant.
RESULTS
The sera from the fattening pigs were screened with both tests. In the indirect ELISA, the serum samples were only screened at a single dilution of 1:400 whilst in the IFAT samples were screened at dilutions of 1:100, 1:200 and 1:400. Only 228 and 238 sera from intensively-raised fattening pigs were tested for anti-T. gondii antibodies using both the indirect ELISA and the IFAT respectively. Of these, 3.51 % (8/228) and 19.75 % (47/238) tested positive in the ELISA and the IFAT, respectively. The eight samples that tested positive in the ELISA were also positive in the IFAT. Using the IFAT, seroprevalences in fattening pigs for the southern region and the northern region were 18.11 % (25/138) and 22 % (22/100) respectively (see Table 1 ). The 55 adult pigs had a seroprevalence rate of 30.91 % in the IFAT (Table 2 ). Only two of the 47 fattening pigs positive in the IFAT had antibody titres of > 1:400, but none of the adult pigs had an antibody titre > 1:100 (Table 4) .
Seroprevalence in the sera collected from Abattoir III was 34.23 % (38/111) and the majority (33/38) of these positive animals had anti-Toxoplasma antibody titres below 1:400.
Twenty-five (35.71 %) of the 70 backyard pigs tested were seropositive for Toxoplasma, the highest seroprevalence of 58.33 % (7/12) being in those from Mbembesi district (Table 3) . Only 16 % (4) of the seropositive backyard pigs had antibody titres > 1:400.
The highest seroprevalence (35.71 %) among the pigs tested was found in backyard herds followed by that in pigs from Abattoir III (34.2 %) whilst the lowest occurred in the fattening pigs (19.75 %) and seroprevalence in pigs from Abattoir III was very similar to that in backyard pigs. The majority of the positive samples (70.07 %) had antibody titres of 1:100 and comparatively more seroreactors from Abattoir III (13.2 %) and backyard herds (16 %) than from commercial properties (fattening pigs: 4.3 %; adult pigs: 0 %) had titres > 1:400.
The comparison of seroprevalence rates among the different categories varied depending on the categories concerned and so did a comparison of the number of positive animals at each individual antibody titre (1:100, 1:200 and > 1:400) either overall or among categories. Chi-square tests of the combined antibody positive samples by individual titre showed significant differences in the proportion of positives at all possible titre comparisons: 100 vs.
200 (χ 2 = 33.14, P < 0.001), 100 vs. 400 (χ 2 = 60.84, P < 0.001) and 200 vs. 400 (χ 2 = 6.74, P = 0.01).
DISCUSSION
The indirect ELISA test was used initially to screen some of the swine sera whilst in Denmark. Due to the unavailability of an ELISA reader, the same test could not be used in Zimbabwe and it was replaced by the IFAT. pigs is comparable to that found in the same category of pigs in developed countries such as Denmark (3.1 %) (Lind, Haugegaard, Heisel, Wingstrand & Henriksen 1994) and Sweden (3.3 %) (Lundén, Lind, Olsson-Engval, Gustavsson, Uggla & Vågs-holm 2002 ) that use the same screening method. The large differences in seropositivity for the ELISA (3.5 %) and IFAT (19.8 %) in fattening pigs in this study is partly due to the fact that in the former test the samples were only screened at the single dilution of 1:400, whilst in the IFAT the samples were screened at dilutions of 1:100, 1:200 and 1:400. Only two of the 47 samples that tested positive in the IFAT had titres of > 1:400. The differences in antibody titres in most of the samples that tested positive with both immunoassays (6/8) (data not shown) are most probably because the IFAT uses intact organisms as antigen and therefore measures antibodies to surface antigen epitopes only, whilst the ELISA uses parasite lysates as antigen and therefore measures antibodies to total parasite antigens (Parmely, Sgarlato, Mark, Prince & Remington 1992) . Wingstrand, Lind, Haugegaard, Henriksen, Bille-Hansen & Sørensen (1997) also observed that at the chosen cut-off OD value of 0.36, at the serum dilution of 1:400, in the IgG ELISA was able to detect 39 of 41 pigs that harboured viable parasites in their organs and were positive on bioassay in mice.
In the current study, the 19.8 % T. gondii seroprevalence in the commercially-reared fattening pigs, aged between 4 and 6 months, with the IFAT was higher than the 9.3 % seroprevalence obtained by Hove & Dubey (1999) in the same category of pigs using the MAT. Dubey et al. (1991) found a national seroprevalence of 23.9 % in market pigs in the USA using the MAT, whilst Arko-Mensah et al. (2000) found a seroprevalence of 36.4 % in 6 to 12-month-old pigs in Ghana using a microplate ELISA, although the management systems under which the Ghanaian pigs were kept were not specified. In the present study, there was no significant difference (χ 2 = 0.17, = 0.68) in seropositivity in fattening pigs from the northern region (18.84 %) and those from the southern region (21 %) of Zimbabwe. Within the group of pigs from commercial farms, the higher seroprevalence in adult pigs than that in market pigs agrees with findings from elsewhere in the world (Dubey et al. 1991; Arko-Mensah et al. 2000; Lundén et al. 2002) though there was no significant difference in seropositivity between the two categories (χ 2 = 3.26, P = 0.07). Market pigs in Zimbabwe are slaughtered at 3-4 months of age (porkers) or at 6 months (baconers) whereas adult pigs are culled when about 4 years or more. The latter group therefore have a greater chance of exposure to T. gondii infection.
The higher seroprevalence in backyard pigs than in fattening and adult pigs reared in total confinement found in this study is similar to that found in the USA (Lubroth, Dreesen & Ridenhour 1983; Dubey, Gamble, Rodrigues & Thulliez 1992; Smith, Zimmerman, Patton, Beran & Hill 1992) . Seroprevalence in backyard pigs was significantly higher than that in adult pigs reared in total confinement (χ 2 = 41.16, P < 0.001). Toxoplasma antibody prevalence in pigs from Abattoir III (Grade B) was not significantly different from that in the backyard indigenous pigs (χ 2 = 0.04, P = 0.84) but was significantly higher than that of fattening and adult pigs (combined) slaughtered in the Grade A abattoirs (χ 2 = 6.55, P = 0.01). The high level of antibodies against T. gondii in pigs slaughtered at Abattoir III indicates the unselective nature the establishment has when acquiring animals for slaughter whereby most of its throughput is likely to originate from badly managed farms that do not meet the requirements for the Grade A abattoirs. Although it has been shown that maintaining pigs outdoors was not always associated with a higher seroprevalence (Weigel, Dubey, Siegel, Kitron, Mannelli, Mitchell, Mateus-Pinilla, Thulliez, Shen, Kwok & Todd 1995; Dubey, Rollor, Smith, Kwok & Thulliez 1997) , it might increase the risk of infection by accidental ingestion of cat faeces with oocysts and small rodents harbouring tissue cysts. Cats, particularly juveniles, and house mice have been identified elsewhere as indicators of increased risk of transmission for T. gondii (Weigel et al. 1995) .
It has been demonstrated elsewhere that the chance of isolation of viable T. gondii parasites increases in proportion to increasing antibody titres in the pig (Dubey, Thulliez & Powell 1995) . If that is the case, the chances of acquiring T. gondii from pigs in Zimbabwe are more likely if one ingests undercooked pork from Abattoir III and from backyard pigs, and least likely if one ingests undercooked pork from adult pigs kept in confinement because it is under the first two categories that most of the pigs with high titres were found (Table 4 ). The antibody titres in adult pigs kept in confinement screened in this study were < 1:100 in all animals tested.
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